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CnOCOS aHaJIHSa <|)H3HHeCKHX h/hJIH XHMHHeCKHX 

CBoiicTB noeepxHOCTHoro cjioh TBep^oro rejia (BapHaHTBi). 

06jiacTb xexHHKH 
HaoSpexeHHe othochtch k oGjibcth aHanHsa cxpyKTypM 

nOBepXHOCTHBIX H npHnOBepXHOCTHblX CJIOCB TBCp/^BIX XeJI H HX 
4)H3HHeCKMX H XHMHHeCKHX CBOHCTB C HCnOJIbaOBaHHCM 
aKTHBHpyiOmHX B03fleHCTBHH. 

npe;a;mecTByiomHH ypoBCHB tcxhhkh 

riocKonbKy CTpyKxypa noBepxHocxHoro cjioji xBcp^oro 
TCJia cymecTBCHHO oTJiHHaeTCH ox cxpyKTypbi TsepAoro xejia b 
o6i>eMe H, npaKXHHCCKH, o^pe;^eJIHex ero noBej^CHHe b 
pasjiHHHBix cpe;^ax h b nojie pasjiHHHBix chji, xo CBefleHM o 
noBepxHOCXHOM cjioe xBep^oro xejia oxKpbisaiox nyxb k nayHHO- 
o6ocHOBaHHOH MO^iH^HKauHH noBcpxHocxH xBepflOFO xejia c 
qejiBK) nojiyneHH^i MaxepHanoB c ^ejiaeMbiMH onxMHecKHMH, 

MexaHHHeCKHMH, aflreSHOHHBIMH, aJICKXpHHeCKHMH, 

nioMHHecqeHXHbiMH h ffpymMH CBoflcxBaMH, a xaK^e k 

ynpaBJICHHK) MHOFHMH Ba^KHblMH B npaKXHHCCKOM OXHOmCHHH 

npoqeccaMH, xaKHMH KaK pocx KpHCxajiJiOB, snHxaKCHajibHoe h 
njiasMOXHMHHCCKoe BbipainHBaHHe cjiocb, KaxajiHs, cosflaHHe 
yjibxpaxoHKHX njieHOHHbix noKpbixHH Mexo^iaMH JlanrMiopa- 
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Bnoa^KC H MOJieKyjiHpHOH caMOcGopKH, ynpOHHCHHe MaxepHajiOB 
H ap.^ no3BOJiHK)T Ha 6oJiee bbicokom yposHe npoBoaHXb 
KOHxpojib KanecTBa noBepxHocxH (noBepxHOCTHyio 
aet^eKTOCKonHio) npoMtmiJieHHbix HSflejiHH, hto ocoGchho 
5 Ba^HO B xaKHX oGjiacTHX KaK aaiuHTHbie nOKpWXHH, MHKpO- H 

HaHO-3JieKTpOHHKa. 

HsBCCTHbi cnoco6bi anajiHaa (|)H3HHecKHx cbohctb 
TBepfloro xejia, a hmchho, xeMnepaxyp h 3HeprHH aKXHBauHH 
4)a30BMx H pejiaKcauHOHHbix nepexoaoB b HccjieayeMOM 

10 Maxepnajie nocpeacxBOM ^n^^epCHuuasihuow^ CKaHHpyiomeH 
KajiopHMexpHH, CM. B.A.BepmxeHH, B.M.EropOB, 
«71|H(|)4)epeHUHajibHaH CKaHHpyiomaH KajiopHMCxpH^i b 
4)H3HKOXHMHH nojiMMepoB», Jl., «Xhmhh», JlcHMHrpa/^CKoe 
oxAejieHHC, 1990, cxp.74-81, a xaic^e c noMombio HflepHoro 

15 MarHHXHoro peaoHanca, cm. ^.Pa6eK, «3KcnepHMeHxajibHbie 
Mexoflbi B XHMHH nojiHMcpoB)), x.l, M., «MHp», 1983, cxp.337. 

HeflocxaxKOM 3xhx cnoco6oB ^BJi^iexc^ xo, hxo c hx 
noMombio nojiynaiox HH<^opMauHio, oxHOCHmyiocH ko BccMy 
o6i>eMy Hccjie^iyeMoro oGpasua h hc oxpa^Kaiomyio b 

20 Heo6xoaHMOH cxencHH cneuH4)HKy ero noBepxHOCXHoro cjio^. 

HsBecxcH cnoco6 anajiHsa ^ushhcckux cbohcxb 
noBcpxHOCXHoro cjtoh XBep^oro xejia, b nacxHOcxH, 
onpeaejiCHHM xeMnepaxyp m DHepratt aKXHBauMH 4)a30Bbix h 
pejiaKcauHOHHbix nepexoj^OB, BKJiiOHaKDmHH 6oM6apAHpoBKy 

25 nOBCpXHOCXH nepBHHHblMH HyHKaMH HefixpajibHbix aXOMOB, 
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h/hjih 3JieKTpOHOB, h/hjih hohob, h/hjih 4)Otohob5 u/njiu 
peHxreHOBCKHX jiyneH, h perHCxpauHio btophhhbix nyHKOB xex 
caMMX aapH^CHHbix nacxHu, cm., nanpHMCp, ATaaHaepna 
«MeToabi aHajiH3a noBepxHOCTH», M., «MHp», 1979, c.c. 63-64, 
5 76-77, 83-84, 88-89 (KonH^ ccbijikh npHJiaraexcn). 

^aHHWH cnoco6 npHHHX 3a npoxoxHn Hacxonmero 
H3o6pexeHHH corjiacHo BapwaHxy no nepBOMy nyHKxy 4)opMyjii>i 
H3o6pexeHHH. 

IlpH 30H;5HpoBaHHH (6oM6apflHpoBKe) noBepxHocxHoro 
10 cjiOH XBCpfloro xejia npoHcxo^HX smhcchh sapH^CHHbix nacxHii 

(3JieKXpOHOB, hohob), HCHXpaJItHblX naCXHU (aXOMOB, MOJICKyJl), 

(^oxoHOB. HccjieflOBaHHe noBepxHocxHoro cjioh xBep^ioro xejia 
ocymecxBJTHiox npH ero HenpepBiBHOfl 6oM6apziHpoBKe, npH 
3XOM perHCxpHpyiox Hcxofl^mne yKasaHHBie Buiiie nacxHuw c 

15 ynexoM hx KOJiHHCCXBa, 3HeprexHHecKoro h npocxpaHCXBCHHoro 
(yrjioB BMXofla) pacnpeaejieHHH. OanaKO, yKasannbiH cnoco6, 
npH KoxopoM ocymecxBJiaexcH nocxoKHHa^ h HenpepbiBHan 
6oM6ap^HpoBKa noBepxHocxH, o6ycjioBJiHBaex ne^ejiaxejibHoe 
H3MeHeHHe (MOAH^HKauHio) HCCjieayeMoro noBepXHOCxHoro 

20 CJI05I. KpoMe xoro, nocKOJibKy HCCJieflOBaHHH npoHcxoflHX, KaK 
npaBHJio, npH (i)HKCHpoBaHHOM SHaHCHHH xeMnepaxypbi 
xBcpfloro xejia, HHKaKoii HH^opMauHH o xeivinepaxypax h 
3HeprHHX (^a30Bbix h pejiaKcauHOHHbix nepexo^OB b 
noBcpxHocxHOM cjioc c noMoiubio paccMaxpHBacMoro cnoco6a 

25 Hejib3H; ecjiH )Ke HCCJie^OBanHH npoH3BOflnxcH npn necKOJibKHX 
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SHaHCHHiix TeMnepaTypBi o6pa3ua, to npoHCxo^HX, 
MHoroKparaaii 6oM6apaHpoBKa ero noBepxHOCXHoro cjioh, hto 
npHBOflHT K ero HeaonycxHMbiM hsmchchimm h, 
cooxBexcxBCHHO, HCflOCXOBepHBiM napaMcxpaM nepexo^ioB. 
5 HasecxeH cnoco6 aHajiH3a (|)H3HHecKHX cbohcxb 

noBepxHocxHoro cjioh XBep;ioro xejia, BKjiiOHaiomHH 
Boa/^eftcxBHe Ha noBepxHOCXHbitt cjtoh XBep^oro xena 
HH3KOxeMnepaxypHOH njiasMofi (HTII) c nocjiCAyioineH 
^lesaKXHBauHeH noBepxHocxHoro choh h perHcxpauHefi cncKxpa 

10 xepMOJiioMHHecueHqHH; HTII, HcnojibsycMa^ b 3xom cnoco6e 
B036y^aexM HCMoaynHpoBaHHtiM nojieM nacxoxti 40,68 MTn 
H HMeex flaBJieHHC njia3Moo6pa3yioiiJiero ra3a 0,1 MBap, 
npo;^oji>KHxejiE>Hocxb BosaettcxBHH cocxaBJi^ex ox 10 c ^o 9 mhh, 
CM. A.A.Kalachev, etc., «Plasma-induced thermoluminescence - 

15 a new method of investigating supramolecular architectures and 
temperature transitions in polymers and other solid surfaces». 
Applied Surface Science 70/71 (1993), p.p.295-298 (kouwi 
npHjiaraexcH). 

3xo xexHHHecKoe pemeHwe npHH^xo 3a npoxoxHn 
20 BapHaHxa cnoco6a no xpexbCMy nyHKxy (|)opMyjibi H3o6pexeHH^. 

HeflocxaxKOM yKa3aHHoro cnocoGa ^bjihcxch 
MOAH(|)Hi;MpyK)iJnee B03AeHCXBHe HTII c yKa3aHHi>iMH Bwuie 
napaMexpaMH Ha noBepxHocxHbitt cjioh HCCJieayeMoro o6pa3i;a, 
Hxo oSycjiOBJiHBaex ne/iocxaxoHHO /locxoBcpHyK) HH(J)opMauHK) 
25 o 4>H3HHecKHX H XHMHHecKMx CBOHCXBax 3Xoro CJIOH. B ncpByio 
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OHepe;];b 3to o6ycjiOBJieHO HcecxKHMH ycjiOBHHMH njiasMBi, 
HcnontaoBaHHtiMH b npoxoxHne, a hmchho bwcokhm ^taBJieHMCM 
njia3Moo6pa3yK)mero rasa (0,1 MBap) h aJiHTejiBHbiM (10 cck h 
6ojibme) B03/teHCTBHeM njiasMbi na noBepxHOCTb. 06a 4)aKTopa 
5 npHBOflOT B Hpe3MepH0My paaorpeBy noBepxHocxHoro cjioh h 

THGcJIH B03HHKaK)mHX aKXHBHblX COCXOHHHH y^C B XO^C 

o6pa6oxKH. HanpHMcp, KaK bkjxho h3 pHC. 4 npoxoxHna, 
HHxeHCHBHOcxb JiK)MHHecu;eHqHH, KaK npaBHJio, na^iaex c 
yBejiHHCHHeM BpcMCHH o6pa6oxKH. KpOMe xoro, ynoMHHyxbie 

10 ^eCXKHe yCJIOBHH BOSJEtefiCXBra npHBOaHX K ZipyrHM ^H3HK0- 
XHMHHeCKHM H3MeHeHHHM B aHaJIH3HpyeMOM nOBCpXHOCXHOM 

cjioe. 

KpOMC XOrO, B pOKHMC HSOXepMHHeCKOH 

jiiOMHHecueHUHH (cm. fig.3 cxaxbH A.A.Kalachev, etc.) 

15 nojiyHCHMbie corjiacHO H3BecxHOMy cnoco6y KpHBbie, 
HJiJirocxpHpyiomHe saBHCHMOcxb (cnaa) xepMOJIIOMHHec^eH^HH 
ox BpCMCHH c MOMCHxa npeKpamcHM B03;ieiicxBM HTn na 
Hccjie;^yeMbiH o6pa3eu. He hmckdx KaKHx-jiH6o xapaKxepHbix 
ocoGeHHOcxett; noaxoMy b flaHHOM cnoco6e 3a axox nepnoA 

20 BpeMCHH KaKa^-jiH6o nojie3HaH HH(|)opMai;HH o cxpyKxype 

nOBCpXHOCXH HJIH nOBCpXHOCXHblX 4^H3HKO-XHMHHeCKHX 

npoueccax He nojiyneHa. yKa3aHHbie KpHBbie Hcnojib3yK)x 
xojibKO KaK cpeflcxBO ansi onpeaejicHH^i MOMCHxa ann Hanajia 
/ie3aKXHBauHH noBepxHocxHoro cjioh XBepjioro xena nyxeM 
25 HarpCBa. 
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PacKpbiTHe H3o6peTeHH^. 

B ocHOBy HacTO^mero H3o6peTeHHii nojio^eno pemeHMe 
5 sa^aHH yMCHBuieHH^ MoaH4)HqHpyiomero Boa^eHCTBH^ 
aKTHBHpyiomero HSJiyneHMH na noBepxHOCTHbifi cjioh TBep^oro 

TCJia, nOBLimCHHe HH^OpMaXHBHOCTH H TOHHOCTH HSMepCHHH. 

CorjiacHO H3o6peTeHHio no nepBOMy BapnaHxy b cnoco6e 

anaJIHSa 4)H3HHeCKHX h/hJIH XHMHHeCKHX CBOHCTB 

10 noBepxHOCTHoro cjioh XBep^toro xejia, BiorioHaiomeM 
B03;^eHCTBHe na noBepxHOCTHbift cjioh XBcp^ioro xejia 
H3JiyHeHHeM b BH^e axoMapHoro nyHKa h/hjih ajieKxpoHHoro 
nyHKa, h/hjih MOJieKyjiHpHoro nyHKa, h/hjih hohhoxo nyHKa, 

h/hjih (|)0X0HH0r0 nyHKa h/hjih HX K0M6HHaUHH, ae3aKXHBauHK) 

15 noBCpxHocxHoro CJIOH H perncxpauHK) cncKxpa HcnycKacMBix 
noBcpxHocxHbiM cjiocM KBaHXOB aneprHH, B03aeHCXBHe Ha 

nOBCpXHOCXHtlH CJIOH npOH3BO;iHX eflHHHHHBIM HMHyjIBCOM 

H3JiyHeHHH5 a ;ie3aKXHBai|Hio noBcpxHocxHoro cjioh XBcpaoro 
xejia ocymecxBHHiox no OKOHHaHHH B03aeHCXBHH Ha Hero 

20 H3JiyHeHHeM nyxcM BbiflCpKKH XBCpzioro xejia npH nocxoHHHOH 
xcMnepaxype h nocjie^^yiomero HarpcBa, npn 3xom cneKxp 
HcnycKacMbix noBepxHOcxHbiM cjiocm XBep^oro xejia KBanxoB 
3HeprHH peracxpHpyiox b npoijecce ;ie3aKXHBai|HH 
noBcpxHocxHoro cjioh, xaK hxo 3aperHCxpHpoBaHHbiH npn 

25 nocxoHHHOH xcMncpaxypc cncKxp ncnycKacMbix KBanxoB 
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3HeprHH aaex HH(|)opMauHK) o cjia6ocBH3aHHbix coctohhmx 
noBepxHOCTHoro cjioa h BpeMCHH ^OJIypac^ai^a 3thx 
cocTOHHHH, a saperHcxpHpoBaHHWH npH narpeBC cncKxp 
xepMOJiiOMHHecueHUHH no3BOJi3ieT cyflHTL o xeMnepaxypax 
5 (^aaoBbix H pejiaKcauHOHHBix nepexoflOB b noBepxHOCTHOM 
cjioe; B BapHanxe no n. 2 4>opMynBi HsoGpexeHH^ HMnyjibc 

H3JiyHeHHH, aeficTByiomHH Ha HccjieayeMyio noBepxHOCxt, 

c "1 "J 
HMeex MomHOCTL OT 10* flo 10\ bt/cm . 

PeajiHsauM OTjiHHHxejiLHBix npHSHaKOB nepBoro 

10 BapHaHxa cnoco6a o6ycjiOBjiHBaex noMBJieHwe y o6'i>eKxa 

Ba^HOrO HOBOrO CBOHCXBa - HCKJIIOHeHHe Heo6xo;iHMOcxH 

3MHXHpoBaHHH HCCJic^iyeMbiM noBcpxHOCXHEiM cjiocM oSpasua 

aXOMOB, 3JieKXpOHOB, HOHOB H X.fl., X.C. XeX HaCXim, KOXOpblMH 

ocymecxBjiHiox nocxoHHHyio 6oM6apAHpoBKy noBepXHOCXHoro 
15 CJT05I XBepAoro xejia b xeneHHe Bcero BpeMCHH peracxpauHH 
3jieMeHxapHbix nacxHu. Bjiaroaapn BOs^eftcxBHio Ha 
noBepxHOCXHbiH cjioH XBepfloro xejia eaHHHHHbiM HMnyjibcoM 
H3JiyHeHH^ Majioii moluhocxh, nocjieayiomeH ae3aKXHBau(HH 
noBepxHocxHoro cjio^i h perncxpauHH HcnycKaeMbix KBanxoB 
20 3HeprHH (CBeXOBOfi) nOCJie OKOHHaHH>I 6oM6apaHpoBKH 

noBepxHocxHoro cjtoh 3HaHHxejibH0 CHH^aexc5i 
MoaH(^HUHpyK)mee BOSfleficxBHe H3JiyHeHHii, noBbimaexcH 
xoHHOCXb H flocxoBepnocxb pe3yjibxaxoB H3MepeHHH. 

CorjiacHO H3o6pexeHHio no BXopoMy Bapnanxy cnoco6a 
25 (n.3 ^opMyjibi H3o6pexeHH>i) b cnoco6e aHajiH3a 4)H3HHecKHX 
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h/hJIH XHMHHeCKHX CBOfiCTB nOBCpXHOCTHOrO CJI05I TBepflOFO 

TCJia, BKJiioHaiomeM Boa^ieHCTBHe Ha noBepxHOcrabiH cjioh 
TBep^oro TCJia HHSKOTeMnepaxypHOH njiasMOH c nocjie^yiomeH 
aeaaKTMBauHeft noBepxHOcraoro cjioh h perHCxpauHefi cneKTpa 
xepMOJiKDMHHecueHUHH, HcnonbsyiOT HHSKOTeMnepaiypHyio 
njiasMy c flaBJieHHCM njia3Moo6pa3yiomero rasa ox 0,04 ao 0,08 
MBap B xeneHHe ox 0,05 jio 5 c, perHcxpHpyiox cneKxpti 
HsnyneHH^i npn nocxoHHHOH xeivinepaxype oGpaaqa h no 

KpHBBIM, HJlJIIOCXpHpyiOmHM Cnafl H30XepMHHeCKOH 

JIIOMHHeCUeHUHH C MOMCHXa npeKpamCHHH B03fleHCXBHH 

HH3K0xeMnepaxypH0H njiasMbi na oGpaseu, nojiynaiox 

>HOnOnHHXeJlbHyK) HH(i)0pMaUHIO O 4)H3HKO-XHMHHeCKMX 

peaKUHHX B noBcpxHocxHOM cjioe XBep^oro xejia. 
ripH peajiHsauHH Bxoporo BapnaHxa cnoco6a 
npe^inoHXHxejibHO Hcnojib30BaHHe njiasMbi c BKJiaj^biBaeMOH b 

oG-bCM MOmHOCXbK) OX 10*^ ^0 10"^ BX/CM^ 

Hap^fly C HCMOayJIHpOBaHHblM BblCOKOHaCXOXHbIM nOJICM 

(lO^-lO'^ Fu), B036y»waK>mHM njia3My, b cnoco6e no aaHHOMy 
H3o6pexeHHK) Moryx 6bixb Hcnojib30BaHbi paspH^bi nocxoHHHoro 
xoKa, HH3KOHacxoxHbie paspH^bi (1-10^ Fu) h BbicoKonacxoxHbie 
paspHflbi MOflyjiHpoBaHHbie hhskoh nacxoxoft. Moryx 
HcnojibsoBaxbCH xaic^e HMnyjibCHbie paspHflbi c 
npoflon)KHxejibHOcxHMH HMnyjibca h npoMOKyxKa MOK^y 
HMnyjibcaMH b ananaBOHe 10"^- 10^ ceK. KpOMC xoro, b cnoco6e 
no ^^aHHOMy H3o6pexeHHio npe^iycMOXpena bosmomchocxb 
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H3MeHeHH5i noTCHaHajia Me^y flepHcaxejieM oSpastia h 
njia3MOH. 

Pa3JiHHHi>ie THnbi njia3M npHBOj^HX k pasjiHHHtiM 

nJIOTHOCTilM B03HHKaiOII(HX JIIOMHHeCUeHTHblX nOBCpXHOCTHBIX 
5 KCHTpOB, K BapbHpOBaHHK) THnOB 3THX UCHTpOB H HX 

pacnpeflCJieHHH no rjiyGHHC noBepxHOCTHoro cjioh, x.e. 
HcnojibsoBaHHe yKasaHHtix pa3JiHHHLix thhob paapH^OB hjih 
jiK)6bix HX KOMGnHauHii pacmHpHex bo3mohchocth xexHOJiorHH h 
nosBOJMCT paciuHpHTB KJiacc anajiHSHpyeMbix o6T>eKTOB. 
10 PeajiHsaiiH^ oxjiHHHxejibHbix npHsnaKOB BToporo 

BapHanxa cnoco6a o6ecneHHBaeT cymecTBCHHoe cHH^KCHHe 
MO^H(i)HUHpyiomero bos^^chctrhh HTIT na noBepxHocxHbiii 
cjiOH XBepaoro xejia. KpoMe xoro, npH npeAJioKCHHOM 
CHH^ceHHH flaBjieHH^ njia3Moo6pa3yiomero rasa, h 

15 OaHOBpeMCHHO C 3XHM yMCHblUeRHH 3KCn03Hl|HH 

noBcpxHOCXHoro cjioh o6pa3ua neo^cHflaHHO bo3hhk hobmh, 
^OBOJibHO napa^OKcajibHbiH 34)(l)eKX, Koxoptitt cocxohx b xom, 

HXO B pe^HMC H30XepMHHeCKOH JIHDMHHecqeHqHH KpHBbie, 

HitjiK)cxpHpyioiu,He ee cnaa c MOMCHxa npcKpameHHii 
20 B03fleHCXBHH HTIl Ha o6pa3eu, npHoGpexaiox xapaKxepHbie 

0C06eHH0CXH, J[(aiOII{He HH^OpMaUHK) O (|)H3HKO-XHMHHeCKHX 

peaKi^H^x B noBepxHocxHOM cjioe XBCpj^oro xejia, Koxopaa He 
Morjia 6bixb nojiyneHa npH napaMexpax HTIl, Hcnojib30BaHHbix 
B npoxoxHne. 



10 



3aHBHTejieM He BbiHBJieHM hctohhhkh, co^^ep^amHe 

HH4)0pMaUHK) O XeXHHMeCKHX pemCHHHX, H/teHTHHHblX 

HacT05imeMy n3o6peTeHHio, hto no3BOJiaeT caejiaxb bwbo^ o ero 

COOTBCTCTBHH KpHTCpHIO «H0BH3Ha» (N), 

5 Sa^iBHxejieM He o6Hapy»ceHBi KaKHe-JiH6o hctohhhkh 

HH4)opMaqHH, co;iep5KamHe CBe^ieHH^ o bjihhhmh saKBJieHHbix 

OTJlHHHXeJlBHblX HpHSHaKOB Ha AOCTHraeMblH BCJie^CTBHe HX 

peajiHsauHH xexHWHecKHH pesyjibxax. 3x0, no MHenHio 
saHBHxeji^i, CBHflexejiBCXByex o cooxbcxcxbhh aanHoro 
10 xexHHHecKoro pemenH^ KpHxepHio «H3o6pexaxejiBCKHH 
ypoBeHB» (IS). 

KpaxKoe onHcaHHe nepxe^efl 

15 3a«BJieHHBiH cnoco6 (BapHanxBi) HJiJiiocxpHpyexcH 

Hepxe5KaMH, na KoxopBix H3o6pa^eHo: 

Ha (J)Hr. 1 - 6jiOK-cxeMa ycxpOHCXBa j^jih peajiH3auHH aaHHoro 
cnoco6a; 

Ha (^Hr. 2 - cneKxp HcnycKaeMBix noBepxHOCXHbiM cjioeM 
20 o6pa3qa KBanxoB CBexa npH nocxo^HHOH xeMnepaxype nocne 
BOsaeflcxBHH axoMapHoro nynKa (npHMep 1); 
Ha (|)Hr. 3 - cneKxp npH B03aeHCXBHH axoMapnoro nyHKa npw 
HarpeBe (npHiviep 1); 
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Ha (^Hr. 4 - cncKTp HcnycKaeMbix noBepxHOCXHbiM cjtocm 
o6pa3ua KBaHTOB CBCxa npH nocxoHHHOH xeMnepaxype nocjie 
B03^(eHCTBH« axoMapHoro nyHKa (npHMep 2); 
Ha <|)Hr. 5 - cncKxp npH BoaaeficxBHH axoMapnoro nyHKa npH 

5 Harpese (npHMep 2); 

Ha (|)Hr. 6 - cncKxp HcnycKacMtix noBcpxHocxHMM cjiocm 
o6pa3i^a KBaHxoB cBexa npw hocxohkhoh xeMnepaxype nocjie 
B03;^eHcxBHji 3JieKxpoHHoro nyHKa (npHMep 3); 
Ha <|)Hr. 7 - cncKxp npn BoaaeHcxsHH ajieiopoHHoro nyHKa npH 

10 Harpeee (npHMep 3); 

Ha 4>Hr. 8 - cneKxp HcnycKacMbix noBepxHOCxHbiM cjiocm 
o6pa3qa KBanxoB csexa npn nocxoHHHOH xeMnepaxype nocjie 
B03/i,eHCXBHH MOJicKyjinpHoro nyHKa (npHMcp 3); 
Ha 4)Hr.9 - cncKxp npn BOSfleflcxBHH MOJicKyji^pHoro nynKa npn 

15 HarpcBC (npHMcp 3); 

Ha 4^Hr.lO - cncKxp HcnycKacMwx noBcpxHOCXHbiM cjiocm 
o6pa3n;a KsanxoB CBCxa npH nocxo^HHofi xeMnepaxype nocjie 
B03;^eHCXBH^ HOHHoro nyHKa (npHMcp 3); 

Ha 4>Mr.ll - cncKxp npH bos^ichcxbhh hohhofo nyHKa npH 
20 HaipcBC (npHMcp 3); 

Ha ^Hr.l2 - cncKxp HcnycKacMbix noBcpxHOCXHWM cjiocm 

o6pa3ua KBanxoB CBexa npn hocxo^ihhoh xeMnepaxype nocjie 

B03;ieHCXBH« 4)oxoHHoro nyHKa (npHMCp 3); 

Ha 4>Mr.l3 - cncKxp npH B03^eMCXBHH 4)oxoHHoro nyHKa npn 
25 HarpcBC (npHMep 3); 
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Ha 4)Hr.l4 - cncKxp HcnycKacMMX noBepxHocxHbiM cjiocm 
o6pa3i^a KBaHTOB cBcxa npH narpeBe nocjie nocjiej^oBaxejibHoro 
B03fleHCTBi«i axoMapHoro, 3JieKxpoHHoro, MOJieKyjinpnoro, 
HOHHoro H <|)oxoHHoro nyHKOB (npHMep 4); 
5 Ha 4>Hr.l5 - cncKxp HcnycKaeMtix nosepxHocxHtiM cjiocm 
o6pa3ua KBanxoB CBexa npH narpcBe nocjie nocjie^OBaxejibHoro 

BOSaeftCXBHH 3JieKXpOHHOrO, MOJlCKyJI^pHOrO H HOHHOrO nyHKOB 

(npHMep 5); 

Ha (|)Hr.l6 - cneKxp HcnycKacMtix noBepxHOCXHBiM cjiocm 
10 o5pa3ua KBanxoB csexa npw narpCBe nocjie nocjie^jOBaxejiBHoro 

BOSflettCXBHH ajiCKxpoHHoro, (^OXOHHOrO H HOHHOrO nyHKOB 

(npHMep 6); 

Ha (|)Hr.l7 - cncKxp HcnycKacMBix noBepxnocxHbiM cjiocm 
oSpasua KBanxoB CBCxa npH narpcBC nocjie ^ocJIe;^OBaxeJII>HO^o 
15 B03;^eHCXBH>^ axoMapHoro H hohhofo nynKOB (npHMCp 7); 

Ha 4^Hr,18 - CHCKxp HcnycKacMbix noBCpxHocxntiM cjiocm 
o6pa3ua KBanxoB CBCxa npn hocxo^ihhoh xcMnepaxype nocjie 
Bos/iettcxBHH HXn (npHMcp 8); 

Ha (^Hr.l9 - cncKxp npH bosachcxbhh HTIl npH HarpcBC 
20 (npHMcp 8); 

Ha ^Hr.20 - cncKxp npn o6jiyHCHHH oSpasua no npHMcpy 8 HTIl 

c napaMCxpaMH, onHcanntiMH b npoxoxHne; 

Ha ^ur.H - cncKxp HcnycKacMbix noBcpxHOCXHWM cjiocm 

o6pa3ua KBanxoB cBcxa npH hocxo^hhoh xcMnepaxype nocjie 
25 B03;ieHCXBHji HTIl (npHMCp 9); 
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Ha (^Hr.22 - cneKxp npH B03>[teHCTBHH HTIl npn narpeBe 
(npHMcp 9). 

JlyHuiHH sapHaHT ocymecxBJieHiw HSoGpexcHiM 

5 

^Ji^ peajiH3auHH cnoco6a b kohkpcthom npHMepe cjiy^HT 
ycxpoHCTBo, KOTopoe BKJiiOHaeT BaKyyMHyio KaMepy 1, 
BBinojiHCHHyio H3 HcpHcaBciomeH cxajiH, CHaG^CHHyio 
onxHHecKHM OKHOM 2, BbinojiHeHHBiM H3 onxHHCCKoro KBapua. B 
10 BaKyyMHOH KaMepe 1 pacnojio^cen aep^KaxejiB o6pa3qa, 

BBinOJlHeHHBIH B BU^C CMKOCXH 3 H3 MCflJi. Ha cc Hapy^HOH 

noBepxHocxH saKpenjien HCCjiej^yeMbitt o6pa3eu 4 xBep;ioro 
xejia. B KOHKpexHOM npHMepe o6pa3ea 4 3aKpenjieH c noMombio 
npy^HHHBix KOJieu (Ha nepxe^Ke ne noKa3aHBi). Emkocxb 3 

15 3aKpBixa KpBiniKOH 5 c oxBepcxHCM 6 RJiH noflaHH xjia^arcHxa, b 
HacxHocxH, HCHflKoro a30xa. BnyxpH cmkocxh 3 pa3MemeH 
HarpcBaxejiB 7, a na ee HapyncHOH noBcpxHocxH ycxaHOBjiena 
xpoMejib-ajiiOMejieBaH xepMonapa 8. YcxpoHCTBo xaK>Ke 
BKjiiOHaex renepaxop 9, HSJiynaiomHii 3JieKxpoMarHHXHbie 

20 Kone6aHHH c nacxoxoH 16Mra. 3jieKxpoA 10 renepaxopa 9 
pacnojioHceH b BaKyyMHOH KaMepe 1. HHHUHaxop 11 
3JieKxpHHecKoro pa3p5!fla npeflcxaBJinex co6oh bbicokobojibxhbih 
xpaHC(^opMaxop; npH 3aMi>iKaHHH-pa3MbiKaHHH nepBHHHOfi 
o5moxkh oh BB>i;^aex co bxophhhoh o6moxkh HMnyjitcbi 

25 HanpH^KeHHeM 20 kB, Koxoptie ^o/^a^oxc^^ na 3JieKxpo/i 12, 
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pacnojio^cHHBiH B BaKyyMHOH KaMepe 1. ^jiHxejibHOCXb 
3JieKTpHHecKoro paapHj^a aaflaexc^ c noMombio xafiMepa (na 
Hepxe^e He noKaaan). JSjarHUK 13 HH3Koro eaKyyivia XHna 
«6apoxpoH» pasMcmcH na Hapy>KHOH nosepxHOcxH BaKyyMHoft 
5 KaMcpbi 1 H coo5maexcH c ee nojiocxtio. BaKyyMHaa KaMepa 1 
CHa6HceHa MaxHcxpajibio 14 jijir C03AaHH5i b hch BaKyyivia jxo 
110*^ MM.px.cx., a xaKMce MarHcxpajitio 15 an^i nojiaHU ra30B b 
BaKyyMHyio Kaiviepy. B KOHKpexHOM npHMepe HcnojitaoBaH 
BO^opoa, HO B03M0^H0 HcnojiBBOBaHHC KHCJiopofla, asoxa, 
10 HHepxHbix raaoB h jip. YcxpoHCXBO coAep>KHX cpe^cxBO 
pePHCxpauHH noaynaeMOH HH<i)opMauHH, Koxopoe BKJiiOHaex 

KOMHblOXep 16 C MOHHXOpOM H 6jlOK 17 COnpiDKeHH^ 

KOMnbioxepa 16 c uihhoh 18 c6opa aaHHbix. Bjiok 17 coAepncHx 
aHajToro-UH^poBOH npeoSpasoBaxenb XHna AD-7858, 
15 MHKponpoueccop AD8080 h hcxohhhk HHxaiomHx Hanpn^eHHtt 
asi^ ajiCMenxoB ycxpoficxBa, Koxoptie no^aioxcM na uiHHy 19. Ha 
uiHHy 19 no^aioxcH nepes 6jiok 17 KOMaH^bi ynpasjicHH^ ox 
KOMnbKDxepa 16. 

YcxpOHCXBO CO;^ep^HX 6j10K 20 (|)OpMHpOBaHHM 

20 axoMapnoro h/hjih MOJicKyjinpnoro, h/hjih hohhoxo, h/hjih 
3JieKxpoHHoro, h/hjih 4>OTOHHoro nyHKOB. Bjiok 20 co^epHCHx 
axoMHsaxop c sjieMenxoM 4>opMHpoBaHHH ysKonanpaBJieHHoro 
nyHKa, b bh^c coBOKynnocxH KannjiJinpOB c anaMexpoM 20 mkm, 
cHcxcMy 4)opMHpoBaHH^ MOJieKyji^pHOFo nyHKa, BKjiiOHaiomyK) 

25 MaxHcxpajib 21 ^jih noaanH rasa h 3JieMeHx b BH^e 
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coBOKynHOCTH KanHJiJi^poB xaKoro >Ke ^xHaMcxpa, HOHHyio 
nyuiKy, sjieKxpoHHyio nyuiKy h pxyxHyio JiaMny rana ^PlII-100 
auR ^opMHpoBaHHH 4>OTOHHoro nyHKa. Bjiok 20 coflep^KHX 
cpeacTBO coaaaHM eaHHHHHtix HMnyjibcoB yKaaaHHbix 

5 nyHKOB: KJianaHbi, sannpaioiitHe sjieKxpoflbi h x.n. BBixo^iHas 
MarHCxpajib 22 6jioKa 20 BbiBe^eHa b BaKyyMHyio KaMcpy 1. 
YcxpoHCXBO B paccMaxpHBacMOM HacxHOM cjiynae, 
HJiJiiocxpHpyiomeM peajiHaauHio cnocoSa, xaK^e CHa65KeHO 
cpe^cxBOM aHajiHsa no A-^HHaM bojih KBanxoB CBexa, 
10 H3JiyHaeMbix noBepxHocxHbiM cjiocm o6pa3qa 4, Koxopoe 
coziep^HX MOHOxpoMaxop 23 XHna k Bbixo^y Koxoporo 

noAKJiiOHeH 4^oxoyMH05KHxejib 24 XHna 03y-68 (bmccxo 
MOHOxpoMaxopa b nacxHbix cjiynanx mo»cho Hcnojib30Baxb 
CBexo4)HJibxpbi). MoHoxpoMaxop 23 conp>i^eH c onxHHecKHM 

15 OKHOM 2, KOXOpoe HMCCX CO CXOpOHbl BaKyyMHOH KaMepbi 1 
3KpaH 25 flJI^ OXCeHCHHH H3JiyHeHHH H3 BaKyyMHOH KaMepbi, 

KOXOpoe Morjio 6bi Bbi3Baxb JiioMHHecixeHi^HK) MaxepHajia OKna 2 
HJiH HapyuieHHe 4)yHKL(HH jnexeKxopa b xo^e aKXHBaqHOHHOH 
o6pa6oxKH (nanpHMep, «ocjienjieHHe» <I>3y). KpoMe xoro, 
20 ycxpoHCXBO CHa6^eHO ^axHHKOM 26 bwcokofo BaKyyMa xnna 
nMH-2, ycxaHOBJieHHbiM na HapyncHOH noBepxHOCxH 
BaKyyMHOH KaMepbi 1 h coo6maioiii;HMC^ c ee nojiocxbio. 
YcxpoHCXBO xaK^e co;^ep^Hx ^onoJiHHxejibHyio CMKOCXb 27 ^jih 
xjiaflareHxa, CHa6)KeHHyio KpbiuiKOH 28 c oxBcpcxHCM 29 aim 
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noflaHH xjia/^arcHxa. Emkoctb 27 ycxaHOBJieHa BHyxpH 
BaKyyMHOH KaMepbi 1 . 

Cnoco6 no nyHKry 1 4)opMyjibi HsoGpexeHM peajiHsyiOT 
cjieztyiomHM o6pa30M. 
5 06pa3eu 4 aaKpenjiHioT Ha aep^caxejie o6pa3iia b svmc 

CMKOCXH 3 H noMemaiox b BaKyyMHyio KaMepy 1 ; h3 BaKyyMHOH 
KaMepbi 1 oxKaHHBaiox Bos^yx nepea Maracxpajib 14 flo 
ocxaxoHHoro aasjieHHH b BaiKyyMHOH KaMepe He 6ojiee, hcm 

110"^ MM.pX.CX. ^aBJICHHe KOHXpOJIHpyeXCH AaXHHKOM 26 

10 BbicoKoro BaKyyMa. 3axeM flonojiHHxejibnaH eMKOcxb 27 
3anojiH5iexcH xjiaaarenxoM, npH 3xom na ee noBepxHOcxH 
a;icop6Hpyioxc5i ocxaxoHHbie rasbi u napbi BO^tbi. IIpH noMomw 
SKpana 25 onxHHecKoe okho 2 oxceKaiox ox MSjiyHenHM ms 
BaKyyMHOH KaMepbi. 3axeM, h3 KOMnbioxepa 16 Hepe3 6jiok 17 

15 no uiHHe 19 no^aiox Heo6xoflHMbie KOManflbi na 6jiok 20 
(^opMHpoBaHHH axoMapnoro h/hjih MOJieKyjiapHoro, h/hjih 

HOHHOrO, h/hjih 3JieKXpOHHOrO, h/hjih (|)OXOHHOrO nyHKOB H 

npoH3BO^Hx B03^eHcxBHe na noBepxHOCXHbifl cjioh o6pa3aa 
eflHHHHHbiM HMnyjibcoM KaKoro-JiH6o nyHKa, jih6o 

20 nOCJieaOBaxeJlbHO ej^HHHMHblMH HMIiyJIbCaMH pa3JIHHHbIX 

nyHKOB. ^JiH co3aaHHH axoMapHoro h MOJieKyjiapHoro nynKOB 
no MaxHcxpajiH 21 b 6jiok 20 4)opMHpoBaHHH nyHKOB noaaiox 
ra3, B KOHKpexHOM npHMepe BO^opofl. CyMMapna^i MOinHOCXb 
H3JiyHeHHH Ha eflHHHiiy njioma^tH HccjieayeMoft noBepxHocxH 
25 HaxoflHXCH B npcflejiax ox 10'^ ao 10"^ bx/cm^. Ylo OKOHHannn 
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B03^eHCTBH5I H3JiyHeHHeM TBCpaOC TCJIO BI>I^ep)KHBaK)T npH 

nocTOHHHOH TCMnepaxype h sanHCwsaiOT cncKxp HcnycKaeMBix 
noaepxHOCTHBiM cjiocm XBepaoro xejia KBanxoB aneprHH, b 
HacTHocTH, CBcxa. JXjir sanHCH H anajiHsa KBaHxoB no jiJiimaM 

5 BOJIH HCnOJlBSyiOX MOHOXpOMaXOp 23 H 4>OTOyMHO^HXeJIb 24, 

BbixoflHOH CHrnan Koxoporo nocxynaex na lUHHy 18 c6opa 
aaHHbix H ztajiee nepes 6jiok 17 b KOMnbioxep 16. 3axeM b 
KOHKpexHOM npHMepe npoHSBOflHX HarpeB o6pa3ua 4 
HaipcBaxejieM 7, ocymecxBjiHH KOHxpont xeMnepaxypti o6pa3ua 

10 xepMonapoH 8; bosmokho b nacxHbix cjiynaax HcnojibsoBaHHe 
flpyrax cpeacxB KOHxpojin xeMnepaxypbi. CHrnajibi c xepMonapbi 
8 H ox 4>c>xoyMHO^Hxeji^ 24 nocxynaiox na lUHHy 18 c6opa 
/taHHbix H Hepe3 6jiok 17 b naMMXb KOMnbioxepa 16 jxim 
nocjie^iyiomeH o6pa6oxKH. 

15 B npHMepe 1 HCCJieaoBajiocb BosaeftcxBHe na 

noBepxHocxHbiH cnoH nojiH3XHJieHa hhskofo aaBjiCHHH MapKH 
MOPLEN (Mw=l 14000), saKpHCxajiJiHSOBaHHoro npu 
xeMnepaxype, Gjihskoh k xeMnepaxype njiaBjiCHH^, H3JiyHeHH>i b 
BHfle ej^HHHHHoro HMnyjibca axoMapnoro ny^Ka BOflopo/ta. 

20 MomHOCXb HSJiyneHM, AeiicxBOBaBmaH Ha ejiuuviuy njioma^H 
HccjieayeMOH noBepxHocxH, cocxaBHJia 2- 10'^ bx/cm^. 
3aperHCxpHpoBaHHbiH cneKxp HcnycKacMbix noBepxHocxHbiM 

CJIOCM nOJIHSXHJICHa KBanXOB 3HCprHH npH nOCXOHHHOH 

xcMnepaxype oxoGpa^aexcH rpa^HKOM na Ha rpa(J)HKe 

25 BMflHbl ABa MaKCHMyMa, Koxopbie j^aiox MH4)opMaqHK) o 
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cjia6ocB5i3aHHLix cocTOHHHHx noBcpxHocTHoro cjiOM ziaHHoro 
MaxepHajia h BpeMeHH ^OJlypac^a;^a 3thx coctohhhh. IlpH 
HarpcBe Maxepnajia perHCxpHpoBajiCH cncKxp 

xepMOJiiOMHHecqeHUHH (4)Hr.3). riojio^eHHe MaKCHMyMOB na 
5 rpa^HKe nosBOJiJieT cy^HTb o xeMnepaxypax 4)a30Bbix h 
pejiaKcaiiHOHHBix nepexo^ioB b noBepxHOcxHOM cjioe 
HccjieziyeMoro o6pa3ua. 

B npHMepe 2 HCCJie^OBajic^ o6pa3eu h3 aaKajiCHHoro 
nojiH3XHJieHa xoh MapKH npn xex ycjioBMx, hxo h b 
10 npHMepe 1. CncKxpti HcnycKacMbix noBcpxHocxHbiM cjioeM 
KBanxoB CBexa oxo6paKeHbi na (^Hr.4 (npH nocxoHHHofl 
xcMnepaxype) h Ha (b npoi^ecce HarpCBa). 

ConocxaBjiCHHe cncKxpoB HcnycKaeMbix KBanxoB cBCxa 

OflHHM H XCM MaxepHaJIOM, HO npHrOXOBJICHHMM pa3JIHHHbIM 

15 oGpasoM, no3BOJiHex BbMBHXb cymecxBCHHyK) pasHHuy b 
CBOHCXBax noBepxHocxHoro cjioh Maxepnajia. 

B npHMepe 3 HCCJiejEiOBajiCH saKajienHbitt oSpaseu hs 
nojiH3XHJTeHa MapKH MOPLEN (Mw= 114000). OcymecxBJi^jiocb 
nocjie;tOBaxejibHO BOSAeflcxBHe na noBepxHocxHbiH cjioii 

20 o6pa3ua eflHHHHHbiMH HMnyjibcaMH cjieayiomHX nyHKOB: 
3JieKxpOHHoro, MOJieKyjiHpHoro, hohhofo, 4^oxoHHoro; 
cooxBexcxBCHHO, HocjieaoBaxenbHO peracxpHpoBajiHCb cneKxpbi 
HcnycKaeMbix KBanxoB CBexa KaK npH hocxoahhoh xeMnepaxype, 
xaK H B npouecce narpeBa (4)Hr. 6 h 7, 8 h 9, 10 h 1 1, 12 h 13, 

25 cooxBexcxBeHHo). CyMMapna^i Momnocxb HSJiyneKHH na 



19 



e^^HHHqy noBepxHocxH HCXBipex yKasaHHMx Btiiue e^HHHHHbix 

3 2 

HMnyjibcoB cocxaBHJia 10" bt/cm . Ka>K/twH bh^i HajiyneHH^ 
B03MymaeT onpeaejicHHbie, cneuH(l)HHecKHe flji^ nero 
cocTOHHHJi noBepxHOCTHoro cjiOH o6pa3iia; 3to nosBonHex 6ojiee 

5 nOJlHO H XOHHO CyAHTh O pa3JIHHHbIX 4)H3HHeCKHX H XHMHHCCKHX 

CBOHCXBax noBepxHocxHoro cjio« (xcMnepaxypax (J)a30Bbix h 
pejiaKcauHOHHsix nepexoAOB, 3HeprHHx aKXHsaqHH 3xhx 
nepexo^lOB, BpeMenax nojiypacnafla cjiaSocBHsaHHtix 
noBepxHocxHfcix cocxohhhh, npoxcKaHHH noBepxHOcxHbix 

10 XHMHHCCKHX pcaiOtHH H HX nOp^AKC, H X-fl.) 

Jljin 3xoro Hcnojib3yK)xc)i hsbccxhbic saBHCHMOcxn, 
no3BOJiHK)mHe ocymecxBHXb nepexo^ ox cncKxpoB HSJiyHCHH^i 
KBanxoB CBCxa k cBOHCXBaM noBcpxHocxHoro cjToa xBcpaoro 
xcjia. HanpHMcp, HaH6ojicc Ba^HMH napaMCxp - aneprHio 
15 aKXHBauHH pcjiaKcauHOHHoro nepexoaa (Ep) mo)kho naxoflnxb 
H3 cooxhouickhh: 

Ep= ""^ 



T-T 

max 



rj^e R - ra30BaH nocxoHHHaH, 

T ' - xcMnepaxypa BbicoKoxcMnepaxypHoft cxopoHbi 
20 MaKCHMyMa, r^e HHXCHCHBHOCXb JiiOMHHecueHUHH naaaex 

Bj[lBOe. 

Tmax - xcMncpaxypa BbicoKOxcMncpaxypHoft cxopoHbi 

MaKCHMyMa, r^e HHXCHCHBHOCXb JHOMHHCCUCHUHH 
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MaKCHMajibHa. 

riop^IflOK XHMHHeCKOH pcaKUHH, BbI3bIBaiOmeH 

HsoxepMHHecKyK) JiiOMHHeciJieHi;Hio, onpe^eji^iOT nyxcM 
npeo6pa30BaHH^ cneKxpoe, cooxBexcTByiomHX HcnycKaHHio 
5 KBaHXOB CBCxa npH nocxoHHHOH xeMnepaxype b CHCxcMe 

KOOpflHHax: Inl - t, rjxe I - HHXeHCHBHOCXt JIIOMHHeCLieHIJlHH, t - 

BpcMH, a xaK^e b CHCxeMe Koop^HHax: I - 1/t^. Ecjih 
aaBHCHMOcxb RVLUQunaH B nepBOM cjiynae, xo XHMHHecKan 
peaKUM HMcex nepBbitt nopa^OK (pacnaa). Ecjih saBHCHMOcxb 

10 jiHHeHHas BO BxopoM cjiyHac, xo xHMHHecKaa peaKUHH hmccx 
BXopoH nopH^OK (peKOM6HHaUH5l). 

B npHMepe 4 HCCJie^OBajioct cyMMapHoe BOs^xettcxBHe 
nocjieAOBaxejibHoro oGjiyneHHH cflHHHHHbiMH HMnyjibcaMH 
axoMapHoro, 3JieKxpoHHoro, MOJieKyji^pnoro, hohhofo h 

15 (|)oxoHHoro nyHKOB Ha noBepxHocxHBiH cjioH nojiH3XHJieHa 
HH3Koro aaBJiCHH)! MapKH MOPLEN (Mw= 114000), 
3aKpHcxajiJiH30BaHHoro npH xeMnepaxype, 6jih3koh k 
xeMnepaxype njiaBJieHHH. CyMMapnan Momnocxb H3JiyHeHHH Ha 
e^iHHHuy noBepxHOcxH o6pa3ua cocxaBHJia 5-10"^ bx\cm^. Tlpu 

20 HarpcBC MaxepHajia peracxpHpoBajiCH cneKxp 

xepMOJiRDMHHeciieHiiHH (4)Hr.l4). CneKxp coaep>KHx 

MHO)KeCXBeHHI>ie nHKH, KOXOpwe n03B0Jl^K)X CyflHXb o 

xeMnepaxypax h sHeprHHx pejiaKcauMH $a30BMx h 
pejiaKcaqHOHHbix nepexo^OB. Oh oxjinnaexcii ox cneKxpoB 

25 XepMOJIIOMHHeCUeHUHH, 3aperHCXpHpOBaHHbIX npH B03fleHCXBHH 
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Ha xaKOH o6pa3eL^, c^^hhhhhbix HMnyjibcoB oxflejibHbix 
H3JiyHeHHH. KaxyiBiH bha o6jiyHeHHH BoaMymaex onpeflejicHHbie 
cneuH4)HHecKHe jin^ Hero cocto^hh^ noBepxHocxHoro cjioh 
o6pa3i(a. CocxoHHH^, y^ce npeflBapHxejibHO B036yHcaeHHi>ie 
5 KaKHM-xo offtmM o6jiyHeHHeM, Hnane pearapyiox na 
BOSfleftcxBHe ;^py^o^o oGjiynenHH, hxo nosBonHex ^ejiaxs 
BbIBo;^^>I o noBej^cHHH noBepxHOCXHoro cjioh b cjiynae 
KOM6HHHpoBaHHoro Bos/tCHCxsHH, HXO Hacxo peajiH3yexc^i npH 

HCnOJIbSOBaHHH BblCOKHX XCXHOJIOPHH. 

10 B npHMepe 5 HccjieaoBanocb cyMMapnoe BosaettcxBHe 

nocjieaoBaxejibHoro o6jiyHeHHH cflHHHHHbiMH HMnyjibcaMH 

3JieKXpOHHOrO, MOJICKyJIHpHOrO H HOHHOrO nyHKOB Ha 

noBcpxHOcxHbiH cjiOH xaKHM 5Ke o6pa30M npHroxoBJicHHoro 
o6pa3qa nojiHSXHJieHa hhskofo aaBsicuun MapKH MOPLEN 
15 (Mw= 114000). CyMMapnan Momnocxb HSJiyneHH^ na eflHHHu;y 
noBepxHocxH o6pa3ua cocxaBHJia 3,7- 10"^ bx\cm^. IlpH Harpese 
MaxepHajia perHcxpHpoBajica cncKxp xepMOJiiOMHHecueHUHH 
(4>Hr.l5). 

B npHMepe 6 Hccjie^^oBajiocb cyMMapnoe BosfleftcxBHe 
20 nocjie^^OBaxenbHoro o6jiyHeHHii eflHHHHHbiMH HMnyubcaMH 
3JieKxpoHHoro, 4^oxoHHoro H HOHHoro nyHKOB Ha 
noBepxHOCXHbiH cjioH xaKHM )Ke oSpasoM npwroxoBJieHHoro 
o6pa3i^a nojiH3XHJieHa HHSKoro jxaBjiQuuH MapiCH MOPLEN 
(Mw=l 14000). CyMMapna^ Momnocxb HSJiyneHHH na Qauuuixy 
25 noBepxHOCxH o6pa3ua cocxaBHJia 3,2- 10*^ bx\cm^. IlpH narpeBe 
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MaxepHajia perHCxpHpOBajicji cneKxp xepMOJiiOMHHecueHaHH 

B npHMepe 7 HccjieflOBaiiocL cyMMapnoe B03;ieHCTBHe 
nocjieziOBaTejiBHoro oGjiyHCHHH ejoiHHHHHbiMH HMnyjitcaMH 
5 axoMapHoro h hohhofo nynKOB na noBepxHOCTHsiH cjtoh xaKHM 
Hce o6pa30M npHroxoBJicHHoro o6pa3^a noJiH3XHJieHa hhskofo 
^aBJiCHH)! MapKH MOPLEN (Mw= 114000). CyMMapnan 
MomHOcxb HSJiyHCHHH Ha e/iHHHij(y noBepxHOCXH o6pa3aa 
cocxaBHJia 2,5- 10'^ bx\cm^. IlpH HarpcBe MaxepHana 
10 peracxpHpoBajicH cncKxp xepMOJiiOMHHecueHUHH ((J)Hr. 1 7). 

CpaBHCHHe CnCKXpOB XepMO JIKDMHHeCI^CHqHH , 

3aperHCTpHpoBaHHBix ox o6pa3qoB, npHroxoBJienHux b 
OAHHaKOBbix ycjioBHHx, HO Ho^tBepFHyxbix BoaaeflcxBHio 
nocjieflOBaxejibHbiM oGjiyneHHCM e;iHHHHH&iMH HMnyjiscaisiH 
15 3JieKxpoHHoro, (|)oxoHHoro, MOJicKyjiapHoro, axoMapHoro h 

HOHHOrO nyHKOB B pa3JIHHHBIX K0M6HHaaH^X, HOSBOJI^eX 

caejiaxB BLiBo;:^ o xapaKxepe BoaGy^^eHHH noBepxHocxHtix 

COCXOHHHH B KaHC;^OM npHMCpC. IIo nOJlO^CHHIO HHKOB 

oucHHBaKDX xcMnepaxypBi h 3HeprexHHecKHe xapaKxepHcxHKH 
20 (|)a30Bbix H pejiaKcauHOHHbix nepexoAOB, npoHcxoflaiuHx npH 

pa3MOpa>KHBaHHH nOflBH)KHOCXH B036y5KaeHHOfl nOBepXHOCXH. 

Cnoco6 no nynKxy 3 (|)opMyjii>i H3o6pexeHHH (Bxopott 
BapnaHx) ocymecxBJiiiiox CJle/^yK)l^HM o6pa30M. 

06pa3eLi 4 3aKpenjiHK)x na ^epjKaxejie o6pa3ua b bujic 
25 CMKOCXH 3 H noMcmaiox B BaKyyMHyio KaMepy 1 ; h3 BaKyyMHoft 
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KaMepbi 1 oTKaHHBaiOT B03flyx nepea MarHcrpajib 14 ao 
ocxaxoHHoro j^aBJicHH^ e eaKyyMHOH KaMepe He Gojiee, hcm 110" 
^ MM.px.cT, ^asjieHHe KOHxpojiMpyexcH aaxHHKOM 26 BbicoKoro 
BaKyyMa. 3axeM ;ionojiHHxejibHa3! eMKOcxb 27 aanoHH^excH 
5 xjiaflarcHXOM, npH 3xom na ee noBepxHocxH aacopGnpyioxc^ 
ocxaxoHHbie rasbi h napbi BOflbi. 3axeM, no MarncxpajiH 15 b 
KaMepy 1 noAaiox raa (Boztopo^) aaBjienwH b KaMepe 1-0,1 
MM.px.cx. flaBncHHe b Kaiviepe 1 KOHxpojiHpyexc^ aaxHHKOM 13 
HH3Koro BaKyyMa. BioiiOHaiox renepaxop 9, CHaGxceHHbiH 

10 3JieKxpo;xoM 10, a xaKMce HHHUHaxop 11 sjicKxpHHecKoro 
paapHfla, CHa6HceHHbiH sjicKxpoaoM 12, nocjie 3a5KHraHHH 
paspii^a B KaMepe HHHixHaxop 1 1 BbiKJiiOHaexcM, a reHepaxop 9 
noAaepxcHBaex paspsiji b xeneHHe saAaHHoro c noMombK) 
xafiMepa BpeMCHH b npeaejiax ox 0,05 ceK ao 5 ceK c ^aBJieHHeM 

15 njiasMOoGpasywmero rasa ox 0,04 jxo 0,08 MBap. SanHCbmaiox 
cneKxp HcnycKaeMbix noBepxHocxHbiM cjiocm o6pa3ua KBanxoB 
3HeprHH (cBexa) npH nocxoHHHOfi xeMnepaxype. ^jih sanHCH 
cneKxpoB Hcnojibsyiox MOHOxpoMaxop 23 h ^oxoyMHO^Hxe/ib 
24, CHrnaji ox Koxoporo nocxynaex na uiHHy 1 8 c6opa ^iaHHbix, 

20 aajiee nepes 6jiok 17 b KOMnbioxep 16. 3axeM npoHSBoanx 
HarpeB oGpasiia 4 HarpeBaxejieM 7 c KOHxpojieM xeMnepaxypbi 
o6pa3ua xepMonapoH 8. CHraajibi c xepMonapbi 8 h ox 
(|)oxoyMHO»CHxejiH 24 nocxynaiox na uiHHy 18 c6opa jxauHhix n 
Hepes 6jiok 17 conpH^eHHH b naMOTb KOMnbioxepa 16 ann 

25 nocjieAyiomeft o6pa6oxKH. 
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B npHMepe 8 Hccjie^OBajiocb B03^eHCTBHe HTn na 
noeepxHOCTHbiH cjioh nioMHHo4)opa MapicH Kll. HcnojibaoBana 
HXn c ^asjieHHeM njia3MOo6pa3yiomero raaa 0,04 MEap c 
BKnajLtbiBaeMOH b ee o6i>eM MomHocxbio 2- 10'^ bt/cm^ b xeneHHe 
5 0,05 ccK. PerHcrpHpoBajiHCb cncKTpbi HSJiyneHHii KBaHXOB CBera 
npH nocTO^iHHOH TCMnepaxype o6pa3^a (4)Hr.l8) h b pe^HMe 
TepMOJiiOMHHecueHUHH (4)Hr.l9). Mexoflw o6pa6oTKH cncKxpoB 
xe Hce caMBie, hxo h b BbimeyKaaaHHWx npHMepax. OxMeneHO 
MHHHMajibHoe MOAH4)HUHpyK>mee B03^(eHCXBHe HajiyneHM Ha 

10 noBepxHOcxHbifi cnott oGpasua. napaMexpbi HTIl oGycjiOBHJiH 
no^BjiCHHe HBHO BbipajKCHHOH oco6eHHOcxH cncKxpa y^Ke b 
caMOM Hanane peracxpauHH JiioMHHecueHUHH npH nocxoHHHoft 
xcMnepaxype, hxo hc Ha6jiioflajiocb npH oGjiyneHMH oGpaaqa 
xoro caMoro Maxepnajia (b nopM^Ke KOHxpojiH) HIIT c 

15 napaMexpaMH, onHcaHHbiMH b npoxoxHne ((|)Hr.20). 

B npHMepe 9 HcnojibsoBana HTIl c j^aBjieHHCM 
njia3MOo6pa3yiomero rasa 0,06 MEap b xencHHe 4,5 cck. 
06jiyHajTC5i o6pa3eu h3 nojiHaxHnena MapKH MOPLEN 
(Mvv=l 14000), 3aKpHcxajiJiH30BaHHoro npH xeMnepaxype 

20 6J1H3KOH K xcMncpaxypc njiaBJicHHH, CncKxp ussiyHCHUR 
KBaHXOB CBexa npH nocxoHHHofl xeMnepaxype npHBe^eH na 
<|)Hr.21, npH HarpeBe - na ^Hr.22. 

npOMblUIJICHHaH npHMeHHMOCXb 

25 
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npe^IJio^eHHMH cnoco6 (BapHaHXbi) ocymecxsn^excH c 
noMombK) o6opyAOBaHH^, HsroxoBji^eMoro b saBOjoiCKHx 
ycjioBH)ix c Hcnojik30BaHHeM H3BecxHi>ix MaxepnajiOB h 
KOMnjiCKxyiomHx HsaenHH. ITo mhchhio aaHBHxejiH, 
5 H3o6pexeHHe cooxBexcxeyex KpHxepHio «npoMbimjieHHa« 

npHMeHHMOCXE» (lA). 
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OOPMYJIA H30BPETEHHH 

1. Cnoco6 aHajiH3a 4>H3HHecKHx h/hjih xHMHnecKHX 
5 CBOHCTB noeepxHOCTHoro cjioH TBcpfloro xena, BKJiioHaiomHH 
BOS^teHCTBHC Ha noBcpxHOCTHbiH cjioH TBep/^oro xejia 
HSJiyneHHeM b BH/^e axoMapHoro ny^Ka h/hjih 3JieKxpoHHoro 
nyHKa, h/hjih MOJieKyjiapHoro nynKa, h/hjih hohhofo nyHKa, 
h/huh (|)oxoHHoro nyHKa h/hjih hx KOM6HHaqHH, ^e3aKXHBa^HK) 
10 noBepxHocxHoro cjioh h perncxpaitHio cneKxpa HcnycKacMtix 
noBepxHocxHMM cjioeM KBanxoB 3HeprHH, oxjiHnaiomHHCH 

XCM, HXO BpSflCHCXBHe Ha nOBepXHOCXHblH CJIOH ^pOH3BO;^OT 
e^^HHHHHblM HMnyjlbCOM H3JiyHeHH5I, a AesaKXHBauHK) 

noBepxHOCXHoro cjioh XBCpaoro xejia ocymecxBJiaiox no 

15 OKOHHaHHH B03fleHCXBHH Ha HCFO H3JiyHeHHeM HyXCM BM^ep^KH 

XBepaoro xejia npn hocxohkhoh xcMnepaxype h nocjieayiomero 
HarpeBa, npn 3xom cneicxp HcnycKacMbix noBepxHOCXHWM 
cjioeM xBcpAoro xejia KBanxoB aneprHH perncxpHpyiox b 
npouecce /te3aKXHBauHH noBepxHOcxHoro cjioa, xaK hxo 
20 3aperHcxpHpoBaHHbiH npn nocxo^HHOH xeMnepaxype cncKxp 
HcnycKacMMX KBanxoB aneprHH j^aex HH4)opMauHK) o 
cna6ocB^3aHHbix cocxohhhhx noBcpxHOCXHoro cjioa h BpeMCHH 
nojiypacnazia 3xhx cocxohhhh, a 3aperHcxpHpoBaHHbiH npn 
HarpcBe cneKxp xepMOJiioMHHecueHUHH nosBOJinex cy^HXb o 
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TCMnepaxypax (|)a30Bi>ix h peJiaKcai^MOHKbix nepexo^oe b 
noBepxHOCTHOM cjioe. 

2. Cnoco6 non.l.jOTJiHHaiomHHCH tcm, hto 
HMnyjibc H3JiyHeHH^!, fleiiCTByiomHH Ha Hccjie^iyeMyio 

5 nosepxHOCTb, hmcct Momnocxb ox 10*^ 10'^ bt/cm^. 

3. Cnoco6 anajiHsa (|)H3HHecKHX h/hjih XHMHHecKHX 
CBOHCTB noBepxHOCTHoro cjio^ TBep;;oro xena, BKjiiOHaiomHii 
B03^ei4cxBHe na nosepxHocxHWH cjioh xBepaoro xejia 
HH3KOxeMnepaxypHoi4 njia3M0H c nocjieayKDmefl ae3aKXHBauHeH 

10 noBcpxHOCXHoro cjioh h perHcxpaiiHeH cncKxpa 

XepMOniOMHHeCUeHUHH, OXJlHHaiOmHHCH xeM, HXO 

Hcnojibsyiox HH3KoxeMnepaxypHyK) njia3My c ziaBJieHHCM 
njia3MOo6pa3yK)mero rasa ox 0,04 ^o 0,08 MBap b xeneHHe ox 
0,05 flo 5 c, perHcxpHpyiox cncKxpti HSJiyneHM npu 
15 nocxoHHHOH xcMnepaxype o6pa3L(a h no KpHBbiM, 

HJIJIIOCXpHpyiOmHM Cnafl H30XepMHHeCK0H JHOMHHeCI^eHI^HH c 

MOMCHxa npcKpameHHH BosaeftcxBHH HH3KoxeMnepaxypHOH 
njiasMBi Ha oGpaseq, nojiynaiox ^^onoJiHHxejibHyio HH(J)opMaLiHK) 

O 4>H3HKO-XHMHHeCKHX pCaKqHHX B nOBCpXHOCXHOM CJIOC 

20 XBepfloro xejia. 
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PEOEPAT 

B cnoco6e anajiHsa ^^hshhcckhx h/hjih khmmhcckhx 
CBOHCTB noBcpxHOCTHoro cjiOH TBcpfloro TCJia no n.l 

5 B03;5eHCTBHe Ha nOBepXHOCTHWfi CJIOH npOH3BOa«T eaHHHHHbIM 

HMnyjibCOM HajiyHCHHH, a Ae3aKTHBai;HK) noBepxHOCXHoro cjtoh 
TBepAoro xejia ocymecxBjiMiOT no OKOHHaHHH Boa^eHCXBiM na 
Hero HSJiyHeHHCM nyxeM BBij:(ep^KH xBepaoro xejia npn 
nocxoHHHOH xcMnepaxype h nocjieayiomero narpcBa, npH 3xom 

10 cncKxp HcnycKacMfcix noBepxHocxntiM cjiocm xBepaoro xejia 
KBaHXOB 3HeprHH perHcxpHpyiox b npouecce j[te3aKXHBau;HH 
noBepxHOcxHoro cjio^, xaK hxo 3aperHCxpHpoBaHHbiH npw 
nocxoHHHOH xeMnepaxype cneKxp HcnycKacMLix KBanxoB 
3HeprHH flaex HH4)opMauHK) o cjia6ocBH3aHHi>ix cocxohhh^x 

15 noBepxHOCXHoro cjtoh h BpeMCHH nojiypacnaaa axHX 
cocxoHHHH, a 3aperHCxpHpoBaHHBiH npH HarpcBe cneiop 
xepMOJIIOMHHec^eH^HH no3BOJi5iex cy^tHXb o xeivinepaxypax 
(|)a30Bbix H pejiaKcauHOHHbix nepexoflOB b noBepxHOcxHOM 
cjioe; HMnyjibc H3JiyHeHHii, ^leftcxByioiuHH Ha HccjieayeMyio 

20 noBepxHocxb, HMeex Momnocxb ox 10'^ flo 10"^ bx/cm^, 

B cnoco6e aHajiH3a (|)H3HHecKHX h/hjih xhmhhcckhx 
CBOHCXB noBCpxHOcxHoro CJIOH XBepaoro xejia no n.2 
Hcnojib3yiox HH3KoxeMnepaxypHyio nna3My c aaBJicHHeM 
njia3Moo6pa3yiomero rasa ox 0,04 ao 0,08 MBap b xencHHe ox 

25 0,05 ;^o 5 c, perHcxpHpyiox cncKxpbi HSJiyneHHH npH 
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nocTOHHHOH xeMnepaxype o6pa3qa h no kphbbim, 

HJlJIIOCTpHpyiOmHM Crnm H30TepMHHeCK0H JIIOMHHeCUeHUHH c 

MOMCHxa npeKpauieHH^ BoafleficTBHM HHSKoxeMnepaTypHOH 
nnasMbi na o6pa3eu, nojiynaiOT flonojiRHxejitHyio HH4)opMaitHK) 

5 O (J)H3HKO-XHMHHeCKHX pcaKUH^X B nOBCpXHOCTHOM CJIOC 

Tsepfloro xejia. 

TexHHHecKHii peayjibTax - 3HaHHxejibHO CHH^aexcH 
MO^lH^^HUHpyiomee BosfleftcxBHe aKXHBHpyiomero HSJiyneHH^, 
noB&imaexcii xohhocxb h AOcxoBepnocxb pesyjibxaxoB 

10 HSMepeHHH. 
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